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DUH XVHG WR UHGXFH WKH VL]H RI WKH DQWHQQD WKDW JHWV PXOWLEDQG DQWHQQDV DQG EURDGEDQG 7R UHVRQDWH DW VHYHUDO
IUHTXHQFLHV WKH WHFKQLTXHV XVHG DQ DQWHQQD DUH YHU\ GLYHUVH DQG EDVHG RQ VHYHUDO FRQFHSWV DQG WKHQ PDQ\
WHFKQLTXHV IRU REWDLQLQJPXOWLEDQG DQWHQQDV7KHXVHRI D VORW DOORZV WKHGRZQ VDPSOLQJ DQG WKH FRQWURO RI WKH
KLJKHUPRGHV,QDGGLWLRQWKHVORWVLQWKHUDGLDWLQJHOHPHQWFDXVHDFKDQJHLQFXUUHQWGLVWULEXWLRQOHYHO7KHUHIRUHD
FKDQJHLQWKHLPSHGDQFHRILQSXWDQGWKHFXUUHQWSDWK7KLVDSSURDFKLVXVHGWRGHVLJQRIDGXDOEDQGDQWHQQDWKDW
ZHZLOOSUHVHQW>@
0DQ\DXWKRUVKDYHSUHVHQWHGDQWHQQDGHVLJQV>@VXLWDEOHIRU:/$1RSHUDWHVLQ*+]EDQGDQGDOVRLQ±
*+]>@,QIDFWWKHSULQWHGDQWHQQDLVRQHRIWKHEHVWDQWHQQDVWUXFWXUHVEHFDXVHRILWVORZFRVWDQGGHVLJQ
FRPSDFW>@0XFKZRUNKDVEHHQPDGHLQUHFHQW\HDUVWRGHYHORSWKLVW\SHRIDQWHQQDV>@:HVWXGLHGD
QHZ DQWHQQD DSSURDFK WR LPSURYH WKH HIIHFWLYHQHVV RI UDGLDWLRQ DQG WKH SHUIRUPDQFH RI DQWHQQDV ZLWK D
PLQLDWXUL]DWLRQRIWKHVL]HDQGWKHHIIHFWRIVORWVRQWKHJURXQGSODQH,QGHHGZHVWXGLHGWKHSHUIRUPDQFHRIDQWHQQD
GXDOEDQGFRQVLVWLQJRIDQHOHPHQWRIUDGLDWLRQLQWKHIRUPRIDGROODUV\PEROH7KHVWXG\ZDVFDUULHGRXWIRUWKH
EDQG RI  WR  *+]  WR  *+] 7KH JHRPHWU\ RI WKH DQWHQQDV DQG WKH UHVXOWV ZHUH REWDLQHG XVLQJ +)66
VLPXODWLRQVRIWZDUH
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D E
)LJ)LUVWVWUXFWXUHZLWKRXWVORWV%DVLFDQWHQQD
7KHFRQILJXUDWLRQRIDQWHQQD
)LJXUHDZKLFKGHVFULEHVWKHVWUXFWXUHRIDQWHQQDIURPWKHWRSILJXUHEZKLFKLVWKHGRZQYLHZRIDQWHQQD
ZLWKRXWVORWV
)LJXUH LOOXVWUDWHV WKHFRQILJXUDWLRQRI WKHSURSRVHGDQWHQQD ILJD LV WKH WRSYLHZDQGVLPLODU WR WKHEDVLF
DQWHQQDLQWKHILJEVKRZVWKHGRZQYLHZZLWKWZRVORWVWKRVHDUHV\PPHWULFDO
7KHVWUXFWXUHRIWKHSURSRVHGDQWHQQDLVVLPXODWHGXVLQJILQLWHHOHPHQWPHWKRG)(0VRIWZDUH+)66DQG&67
0LFURZDYH6WXGLR

)LJ7KHJHRPHWU\RIWKHSURSRVHGDQWHQQDZLWKWZRVORWV

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5HIHUHQFHDQWHQQD
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'XULQJ WKLV VWXG\ WKH QHZ DQWHQQD FRQILJXUDWLRQZLOO EH FRPSDUHGZLWK DQ DQWHQQDZLGHO\ XVHG LQ WKH /$1
DSSOLFDWLRQ V\VWHPV $V VKRZQ LQ WKH ILJXUH  LW LOOXVWUDWHV WKH FRQILJXUDWLRQ RI WKH UHIHUHQFH DQWHQQD &503$
&RQYHQWLRQDO5HFWDQJXODU0LFURVWULS3DWFK$QWHQQD
6LPXODWLRQDQGVWXG\UHVXOWV
7KHFRQILJXUDWLRQRIWKHSURSRVHGPLFURVWULSWUDQVPLVVLRQOLQHIHGPRQRSROHDQWHQQDZLWKSDUWLDOJURXQGSODQHLV
LOOXVWUDWHG LQ )LJ  7KH DQWHQQD LV IHG ZLWK D  ȍ PLFURVWULS OLQH DQG IDEULFDWHG RQ WKH )5 VXEVWUDWH ZLWK
WKLFNQHVVPPDQGUHODWLYHSHUPLWWLYLW\RI7KHUDGLDWLQJHOHPHQWLVLQWKHIRUPRIDGROODUV\PEROH
7KHUHIOHFWLRQFRHIILFLHQWH[SUHVVHVWKHUDWLRRIUHIOHFWHGSRZHUWRLQFLGHQWSRZHUDWSRUW,I6G%
WKHQRISRZHUH[FLWHGLVWUDQVPLWWHG)LJXUHVKRZVWKHVFDWWHULQJSDUDPHWHU6RIWKHEDVLFRIDQWHQQDZKLFK
FRQWDLQV WZR EDQGV RI RSHUDWLRQ UDQJLQJ IURP WR *+] DQG  WR *+]7KH DQWHQQD FDQ EH XVHG IRU
ZLUHOHVVFRPPXQLFDWLRQVDSSOLFDWLRQVDQGORFDWLRQEDVHGDSSOLFDWLRQV
   ORJ UHI
LQ
36 G% 3
§ · u ¨ ¸© ¹
  

)LJ6LPXODWHGUHWXUQORVVHVRIWKHEDVLFDQWHQQDZLWKRXWVORWV
7KH JRDO RI WKH SDUDPHWULF VWXG\ ZDV FDUULHG RXW WR RSWLPL]H WKH GHVLJQ RI WKH DQWHQQD 7KLV VWXG\ LV YHU\
LQWHUHVWLQJ EHFDXVH LW JLYHV XQVDWLVIDFWRU\ UHVXOWV EHIRUH WKH PDQXIDFWXUH RI DQWHQQD FDQ EH PDGH 7KH ILJXUH 
SUHVHQWV WKH VFDWWHULQJSDUDPHWHUYHUVXV IUHTXHQFLHV IRUGLIIHUHQW YDOXHVRI/%ULHIO\ WKDW WKHZLGHVW IUHTXHQF\
EDQGLVJHWWLQJIRU/ PP

)LJ6LPXODWHGUHWXUQORVVHVIRUGLIIHUHQWYDOXHVRI/
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)LJXUHUHSUHVHQWVWKH6SDUDPHWHUYHUVXVIUHTXHQFLHVIRUGLIIHUHQWYDOXHVRI//7KHRSWLPXPUHVXOWLVIRU
/ PP/ PP



)LJ6LPXODWHGUHWXUQORVVHVIRUGLIIHUHQWYDOXHVRI//
6LQFH WKHDQWHQQDSUHVHQWHGLQILJXUHLVFRPSOHWHGQRZZHFDQFRPSDUH6RIWKHDQWHQQDZLWKRXWVORWV
DQGWKHSURSRVHGDQWHQQDZLWKVORWV)RUWKHREWDLQHGDQWHQQDZHHQGXSZLWKWZRPRGHVRIUHVRQDQFHVFHQWHUHGRQ
WKH*+]IUHTXHQF\DQG*+]



)LJ6LPXODWHGUHWXUQORVVHVRIWKHSURSRVHGDQGWKHEDVLFDQWHQQD
)LJXUHLOOXVWUDWHVWKHJDLQFRPSDULVRQEHWZHHQSURSRVHGDQGWKHEDVLFDQWHQQD:HREVHUYHWKDWWKHWZRVORWV
GRQRWKDYHDODUJHLPSDFWRQWKHDQWHQQDJDLQDQGWKHPD[LPXPYDOXHRIWKHEDVLFDQWHQQDDQGWKHSURSRVHGFDPH
RXWRI*+]
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
)LJ6LPXODWHGJDLQRIWKHSURSRVHGGXDOEDQGDQWHQQDDQGWKHEDVLFDQWHQQD
7KHSHUIRUPDQFHVRIWKUHHDQWHQQDJHRPHWULHVUHSRUWHGLQ WKLVSDSHUDUHVXPPDUL]HGLQ7DEOH$VVKRZQLQ
WKLV WDEOH WKHJDLQRIDQWHQQDHYHQDIWHUPRGLILFDWLRQV LV VWLOO YHU\ ORZ/RZJDLQDQG HIILFLHQF\YDOXHVRI WKHVH
DQWHQQDVDUHSHUKDSVGXHWRDSSOLFDWLRQRIJODVVHSR[\)5VXEVWUDWHPDWHULDOEHDULQJODUJHORVVWDQJHQWYDOXH7KH
ILQDOSURSRVHGDQWHQQDLVPRUHSRZHUIXOLQWHUPRIUHWXUQORVVDQGPRUHDGDSWHGIRUWKHUHVRQDQFHIUHTXHQFLHV
7DEOH&RPSDULVRQEHWZHHQSHUIRUPDQFHVRIGLIIHUHQWDQWHQQDJHRPHWULHV
*HRPHWU\ 5HVRQDQFH)UHT
>*+]@
0DWHULDO 5/>G%@ *DLQ>G%@
$QWHQQD
&503$
 52&
ɸU 
+ PP
 
$QWHQQDZLWKRXWVORWV
%DVLFDQWHQQD
 )5
ɸU 
+ PP
 
$QWHQQDSURSRVHG  )5
ɸU 
+ PP
 

D E
)LJ7KHUDGLDWLRQSDWWHUQVLQ'D*+]DQGE*+]
7KHILJXUHVKRZVWKH'UDGLDWLRQSDWWHUQ
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D

E
)LJ7KHUDGLDWLRQSDWWHUQVLQ'D*+]DQGE*+]
&RQFOXVLRQ
,QWKLVSDSHUDQHZSDWFKDQWHQQDLQWKHIRUPRIDGROODUV\PEROHZDVSUHVHQWHGWKDWUDGLDWHVEHWZHHQWR
*+] DQG  WR  *+] 7KH SURSRVHG DQWHQQD SUHVHQWV DOPRVW RPQLGLUHFWLRQDO LQ SODQ ( DQG ELGLUHFWLRQDO
UDGLDWLRQ GLDJUDPV LQ SODQH+ )LQDOO\ZH KDYH VKRZQ WKDW WKH SUHVHQWHG DQWHQQD LV YDOLG IRUZLUHOHVV :/$1
DSSOLFDWLRQV ORFDWLRQEDVHG DSSOLFDWLRQV GXH WR LWV PLQLDWXUH VL]H DOVR LWV JRRG SHUIRUPDQFHV 7KH GXDOEDQG
DQWHQQDVFDQEHXVHIXO LQPDQ\ZLUHOHVVDSSOLFDWLRQVWKDW LQFOXGHWZRGLIIHUHQWIUHTXHQF\EDQGVIRUUHFHLYLQJDQG
WUDQVPLWWLQJ
5HIHUHQFHV
>@ =KDR:DQJ(QJ*HH/LP;LDRGRQJ&KHQ6WXG\WKH*URXQG3ODQH(IIHFWRID0XOWLEDQG$QWHQQDIRU0XOWLSOH:LUHOHVV&RPPXQLFDWLRQ
6\VWHPV3URFHGLD(QJLQHHULQJ±
>@ 16DEEDU+DVVDQ$66(/0$16DLGD$+<28'DQG$EGHOPRXPHQ.$$%$/©$QWHQQD'HVLJQ0LFURVWULS:LWK&KDUDFWHULVWLFV8OWUD
:LGH%DQGª,-(&79RO,VVXH-DQ±0DUFK
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>@ <- :$1* &. /(( $1' :- .2+ 'HVLJQ RI VPDOO DQG GXDOEDQG LQWHUQDO DQWHQQDV IRU ,07 PRELOH KDQGVHWV ,(((
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